The competence of pedicel explants of tobacco (Nicotiana tabacum L. cv Samsun) to regenerate flower buds in response to auxin was manipulated by preincubating excised tissues in the absence of auxin. When exposed to 1 micromolar 1-naphthaleneacetic acid, these tissues formed fewer buds than controls that were not preincubated. The number of buds eventually formed correlated with the 1-naphthaleneacetic acid concentration in the tissue 6 hours after the start of hormone application. The internal concentrations in pretreated explants were lower than in tissues that were not pretreated due to diminished uptake per milligram fresh weight and increased hormone conjugation. The change in the developmental state induced by auxin deprivation had a dual effect on bud regeneration: (a) the pretreatment caused fewer buds to be formed at any 1-naphthaleneacetic acid concentration tested, and (b) a higher auxin concentration in the medium was required to get a maximum bud number on precultured explants. An increase of the 1-naphthaleneacetic acid concentration in the medium led to an elevated hormone level in freshly cut as well as in preincubated tissues. It was concluded that the developmental state of the tissue directly affects the maximum number of buds that can be regenerated. Apart from that there is an indirect effect exerted via modulation of the ratio between external and internal auxin concentration. The change in this ratio can be compensated for by an adjustment of the auxin concentration in the medium.
The reaction of a plant tissue to an endogenously or exogenously applied hormone depends on the type of hormone and on the developmental background of that particular tissue. Only competent cells respond in a way that may be fully preprogrammed or may be influenced by the nature and concentration of the hormone (4, 8) .
The magnitude of the response depends on the concentration of the hormone in the tissue (2, 7, 18) and on the developmental state of the tissue (7, 16) . On one hand, the developmental state determines the capability to react to the hormone. Capability is meant to indicate the maximum response at the optimum hormone concentration and thus represents the quantitative aspect ofcompetence. On the other hand, the developmental state delineates the range of effective hormone concentrations between the extremes at the minimum and the maximum response. The property of the tissue to react in this range is here referred to as its sensitivity to the hormone. In terms of Michaelis-Menten kinetics (10) this sensitivity can be quantitated by estimating the Km, i.e. the hormone concentration at which half the maximum response is obtained.
The complex interplay between hormone and tissue is illustrated by the process of organ regeneration in tobacco. Dedifferentiation of stem tissue induced by callus culture or by tumorogenesis confers to the cells the competence to regenerate shoots or roots depending on the exogenous (1 1) or endogenous (1) hormone concentrations. In thin-layer explants taken from the basal part of the inflorescence, auxin and cytokinin determine in a concentration-dependent fashion whether vegetative or flower buds are regenerated (14) . In contrast, all the buds that regenerate on pedicel explants are flower buds (17) , whereas, under the same conditions, only vegetative buds form on stem tissues from the lower part of the plant (15) or from young internodes of vegetative plants (our unpublished results). These results indicate that the developmental program that can be induced is fixed in some tissues but is variable in others depending on the developmental state (8) .
In the present study we investigated the roles of auxin concentration and developmental state on flower bud formation in the tobacco pedicel explants. The capability of the tissue to regenerate buds is maximal when the attached flower is in anthesis (5) . The number of buds formed is less than maximal when the tissues are aged by culturing them for some time at low, noninductive hormone concentrations and then shifted to inductive conditions (6) . It is, however, unknown whether this decline is due to a reduced sensitivity to the hormones or to a decrease in capability. This problem was tackled with respect to auxin by culturing tissues on a medium without auxin prior to exposure to various concentrations of NAA2. NAA uptake (12) and conjugation (13) After incubation on medium with labeled NAA as indicated, the explants were thoroughly rinsed. For uptake measurements, samples offive explants were weighed and dissolved in 0.5 mL Lumasolve (Lumac) overnight at 40°C, before radioactivity was determined with 4 mL Lumagel (Lumac) in a Philips PW 4540 liquid scintillation analyzer. The results were corrected for quenching and expressed in moles NAA (12) .
For determination of free NAA and metabolites, groups of three to five labeled explants were extracted twice with 0.65 mL methanol overnight at -20°C. The combined extracts were dried under nitrogen, dissolved in 50 AL methanol, and separated on 0.25 mm silica gel plates with fluorescence indicator (Merck). The plates were routinely developed with chloroform:methanol:acetic acid 75:20:5 v/v/v (3). Along with the samples, 0.1 ,umol quantities of NAA, NAA-aspartate, and NAA-glucoside were cochromatographed. Also, 10 ,uL of an extract from tissue that had been labeled during 48 h with ['4C]NAA was spotted in a separate lane. After separation, the standards were visualized under UV light, and the 14C-labeled metabolites by autoradiography on Kodak XAR-5 film. In this way, the position of the 3H-labeled compounds in the samples could be determined. The silica was scraped off, 4 mL Lumagel was added, and radioactivity was measured. The results were corrected for quenching, and expressed as percentage of the radioactivity recovered. The amounts of free NAA per explant and the internal NAA concentration were calculated from the uptake data and the proportion of free NAA in the tissue.
Reproducibility
The mean fresh weight per explant and the numbers of buds regenerated varied with the season. Therefore, bud numbers and internal NAA concentrations should be compared within experiments.
RESULTS

Effect of Auxin Deprivation
When explants were preincubated on NAA-free medium for various periods of time prior to transfer to medium containing 1 gM NAA, the number of flower buds regenerated after subsequent exposure to NAA decreased with the duration of the preincubation (Fig. 1) . Only sporadically did buds develop on explants preincubated for 10 d or more. During preculturing, the tissues are metabolically active as is clear from the increase in fresh weight (Table I) .
Internal NAA Concentration
To examine whether the loss in response to NAA was caused by a reduced concentration of free NAA in the explants, we started to investigate NAA metabolism in explants (Fig. 3) . The internal concentration never exceeded the level present after 2 h of culturing in spite ofthe fact that the explants continued to take up NAA from the medium (12).
Effect of Preincubations on the Level of Free NAA
To establish the effect of preincubation for different periods on the level of free NAA in the explants, the internal concenFront _NAA tration of free NAA was determined 6 h after transfer to medium containing 1 luM NAA and [3H]NAA. The internal concentration was found to decline with the length of preincubation (Fig. 1) . The decline in concentration correlated well with the decrease in the number of buds 10 d later. The internal concentration was also determined after 24 h of incubation on NAA and the same decline was found (data not shown). Table I shows to what extent uptake and metabolism of NAA and fresh weight of the explants contributed to the diminished internal concentration. After short preincubations (2 and 4 d), the uptake per explant was higher compared to that of freshly cut explants. However, expressed per unit fresh weight the uptake was approximately 20% lower. The increased conjugation caused a reduction of about 40% in the proportion of free NAA, and was, therefore, the major cause for the reduced internal concentration after the 2-and 4-d preincubations.
After longer preincubations (7 and 10 d), diminished uptake per explant and a much higher fresh weight were the factors responsible for the low internal NAA concentration. The proportion of free NAA relative to the total amount taken up was almost the same as in the explants which had not been preincubated. 
Restoration of Flower Bud Regeneration
If the decrease in internal concentration of free NAA is responsible for the decrease in bud regeneration, a rise of this internal level by application of a higher NAA concentration in the medium should cause an increase in bud number. The NAA concentration in the tissue was indeed raised by application of a higher medium concentration (Table II) . The effect of elevated NAA levels was tested by exposing preincubated explants to a range of NAA concentrations (Fig. 4) . Upon prolonged preincubation, the optimum concentration for bud regeneration shifted from 0.45 Mm for the nonprein- (Fig. 3) .
Second, an elevated NAA concentration in the bud-inducing medium leads to an enhanced NAA level in preincubated explants (Table II) and at the same time causes more buds to form (Fig. 4) .
Preincubated tissues have a lower maximum bud number and a higher optimum NAA concentration as compared to explants immediately placed on NAA-containing medium (Fig. 4) . The shift in the concentration versus effect curve leading to apparently higher Km values and the lowering of the maximum response would suggest that in the explants both sensitivity to the hormone (10) and the capability (4, 8) with respect to bud formation are reduced by preincubation. However, sensitivity should be expressed in terms of internal concentration (16) which at the same medium concentration is lower in preincubated tissues (Fig. 1) . Application of higher medium concentrations of NAA lead to higher internal NAA concentrations (Table II) and almost restore the level of bud regeneration in 2-and 44 pretreated explants (Fig. 4) 
